Abstract The aim of this study is to assess the prevalence low bone mass among girls with adolescent idiopathic scoliosis (AIS) and their siblings. The subjects of this study were Saudi Arabian girls with AIS. Patients had their weight and height measured to calculate their body mass index (BMI). Clinical examination and investigations were done to rule out any other cause of scoliosis. All had bone mineral density (BMD) measurement of hip area and the spine using DEXA scan, Hologic Inc. Patients with a BMD of \ -2.6 was taken as osteoporotic and those between \ -1 and -2.5 was taken as osteopenic for analysis. As control subjects, siblings of the patients with normal spine had their BMI calculated and BMD measurement done. We were able to analyze the data of 32 girls with an average age of 18.42 ± 5.71 (14-26) years with mean BMI of 17.7 ± 0.69 (16.5-18.5) kg/M 2 . Analysis of the scans of the hip revealed that 62.5% of the patients were osteoporotic with BMD of 0.837 (0.697-0.936) ± 0.04, T-score -3.8 ± 0.56 (-2.6 to -3.9) and Z-score. Nine (28.1%) were osteopenic with BMD of 0.768 ± 0.15 (0.638-0.878), mean T-score of -1.6 (-1.1 to 2.5) and Z-score -3.5 ± 0.63 (-2.9 to -3.9). Analysis of BMD of the spine showed similar results. In comparison to the scoliotics, girls with normal spine had higher BMI and BMD which was statistically significant at P \ 0.001. T-and Z-score was also lower in scoliotic girls in comparison with girls with normal spine significant at P \ 0.001 (CI 95%). Our study indicates that the scoliosis causes osteopenia and osteoporosis among girls while their siblings with normal spine remain with normal bone mass.
Introduction
Scoliosis is a deformity in which there is lateral curvature of the either thoracic or lumbar spine or together with more than 10°on a standard erect radiograph. About 10 percent of the curves progress which require surgical intervention [14] . Two to four percent of children between the age 10 and 16 years, girls more than boys are affected [16] . Reports indicate that 27-38% of the girls with scoliosis are osteopenic [3, 5, 16] , and recently it was suggested that the presence of osteopenia may be taken as a prognostic factor in the progression of the curve [10] .
Skeletal deformities which include scoliosis was reported to be 1.16% among Saudi Arabian school going male children [7] and the prevalence of scoliosis among school going children is not know even though screening for scoliosis was advocated [17] . It have been shown that osteopenia and osteoporosis to be common among postmenopausal women [8, [18] [19] [20] , but studies indicated that there was lower incidence of osteopenia among healthy boys and girls between 25 and 30 age groups compared to other countries [1, 21] . Reports in the literature indicate high prevalence of low bone mass among girls with AIS, but it is yet to be proved that scoliosis causes low bone mass. To date we did not find any study which has compared the BMD of patients with AIS and their siblings, which could give an indication whether scoliosis inherently cause osteopenia and osteoporosis. This study is done to assess the 
Patients and methods
Saudi Arabian girls with adolescent idiopathic scoliosis (AIS) were subjects of this study. A verbal consent was taken from the parents to include in the study. Data was gathered on a preset proforma which included age, sex, weight, height, number of siblings, the deformity among other siblings and parents. Total body mass index (BMI) was calculated. Clinical examination and investigations were done to rule out any other cause of scoliosis. AIS was confirmed by clinical examination and erect and bending radiographs. Non-AIS siblings were recruited as controls. All AIS and non-AIS had base line blood hematology and biochemistry tests like, hemoglobin concentration, sickle cell test, electrolytes, serum calcium, phosphorus, alkaline phosphatase levels, areal bone mineral density (BMD) measurement of proximal femur and lumbar spine using DEXA scan, Hologic Inc. The T-score compares the BMD at peak bone mass of 30 years of age group, whereas Z-score compares the BMD of same, age and sex. As per WHO criteria, osteoporosis is defined as T-score of \-2.6 and osteopenia between \-1 and -2.5 was taken as osteopenic for analysis. As the study group and the control had not reached peak bone mass (30 years), Z-score was taken for analysis of osteoporosis and osteopenia. The data was entered in the database and analyzed using Statistical Package for the Social Sciences (SPSS, Chicago, Illinois). Means were compared using student's t test and Chi-square as needed and statistical significance of P value of \0.05 with confidence Interval of 95%. The study was approved by the Ethical and Research committee of the College of Medicine, King Faisal University Dammam and King Fahd Hospital of the University, Al Khobar.
Results
We were able to analyze the data of 32 girls with AIS and 27 girls in the control group. The average age of AIS group was 18.42 ± 5.71 (14-26) and non-AIS group was 17.65 ± 4.5 (14-25) years. All the children in the non-AIS group were female siblings. The mean BMI of the AIS group was 17.7 ± 0.69 (16.5-18.5) compared to the control group which was 19.84 ± 0.6 (18.9-20.5) P B 0.01.
Analysis of the scans of the hip revealed that 62.5% of the patients were osteoporotic with BMD of 0.837 (0.697-0.936) ± 0.04, T-score -3.8 ± 0.56 (-2.6 to -3.9) and Z-score -3.5 ± 0.63 (-2.9 to -3.9) ( Table 1) . Nine (28.1%) were osteopenic with BMD of 0.768 ± 0.15 (0.638-0.878), mean T-score of -1.6 (-1.1 to 2.5) and Z-Score -3.5 ± 0.63 (-2.9 to -3.9). Analysis of BMD of the spine showed similar results ( Table 2) Figure 1 gives the regression analysis between BMD and Cobb angle. In comparison to the scoliotics, girls with normal spine had a normal BMI and BMD which was statistically significant at P \ 0.001, Table 3 . Standardization of the BMD to BMI showed that BMD was significantly lower in the scoliotic patients than the controls P B 0.023 (Table 3) . T-and Z-Score was also lower in scoliotic girls in comparison with girls with normal spine significant at P \ 0.001 (CI 95%). Among the non-AIS group 3/27 were osteopenic and none of the girls were osteoporotic. There was no significant differences between the other parameters.
Discussion
Recent understanding of the three-dimensional deformity of the scoliosis has added more insight in the development of the newer and better implants and revised techniques of early fixation of the curves with fusion. Animal studies have shown that there is delayed healing in osteoporotic bone [13] and human studies indicate in osteoporotic bone there is altered fracture healing [9] . Whether osteoporosis in young scoliotics cause failure of spinal fusion postoperatively is to be proved. Burner et al. [2] first raised the concern of osteopenia in AIS children using plain radiographs, but Cook et al. [6] using DEXA showed that low bone mass was common in children of AIS. Thomas et al. [22] found 50% of the children they followed up with scoliosis had osteoporosis, whereas Cheng and Guo [5] reported the prevalence of osteopenia to be 58.7% and osteoporosis of 18.7%. Firstly, we found in our study that 68% were osteoporotic, which is higher than reported in the literature and secondly patients with higher curves of [30°w ere significantly had low bone mass compared to those with curves \ 308 (65 vs. 35%).
Why patients with AIS should suffer from low bone mass has still not passed the speculation stage. Which comes first the deformity or low bone mass? Lee [11] reported that patients with AIS had low calcium intake and this was a contributing factor in the development of scoliosis. Cheung et al. [4] suggested that the low bone mass could be due to abnormally faster growth at adolescence with low calcium intake cause abnormal mineralization. Apart from the above mentioned factors low BMI could be a contributing factor in low BMD in scoliotic patients.
The cause or causes of progression of curves in scoliosis is still evolving. Multiple factors have been suggested to be prognostic in the progression of the curve. Lonstein and Carlson [12] , initially proposed a three-factor prognostic index (initial Cobb angle, Risser grade and chronological age) and later Peterson and Nachemson [15] proposed a four-factor regression equation. The report of Hung et al. [10] sheds light on this important aspect of progression of curves. In their study they found that osteopenia was an important risk factor in the progression of the curves in patients with AIS. They believe that the Z-score of bone mineral density should be added to the other predictive factors of the progression of curves.
This study has few limitations. The numbers in the study and control group were small and secondly we needed to T-score -2.34 ± 1.08 (-0.6 to -3.7) -0.9 ± 0.50 (-0.1 to -1.4) \0.001
Z-score -2.25 ± 1.05 (-0.6 to -3.7) -0.9 ± 0.51 (-0.5 to -1.7) \0.001 check the Vitamin D levels to know whether osteomalacia played any role in the attainment of low bone mass. In conclusion our study suggests that scoliosis does induce low bone mass while siblings remain with normal bone mineral density. Moreover, the severity of osteopenia and osteoporosis depends on the degree of Cobb angle in children with AIS.
